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PERFORMANCE CHARACTERISTICS OF A 425-MHz RFQ LINAC*

James E. Stovall, K. R. Crandall, and R. W. Hamm
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87545

Summary

A radio-frequency quadrupole (RFQ) focused
proton linac has been developed and successfully
tested at the Los Alamos Scientific Laboratory (LASL)
for the purpose of evaluating its performance and
applicability as a low-beta accelerator.
of the structure was designed to accept a 100-kev
beam, focus, bunch, and accelerate it to 640 kev in
1.1 m with a high-capture efficiency and minimum
emittance growth. The accelerator test facility
includes an injector, low-energy transport section
for transverse matching, and a high-energy transport
section for analysis of the besam properties. The
accelerator cavity is exited through a manifold
powered by a 450-MHz klystron. Diagnostic instru-
mentation was prepared to facilitate operation of the
accelerator and to analyze its performance. Measure-
ments of the beam properties are presented and com-
pared with the expected properties resulting from
numerical calculations of the beam dynamics.

Introduction

An RFQ focused linac structure was proposed as
the low-energy section for two accelerator projects

*Work supported under the auspices of the US Dept. of
Energy, Office of Energy Research, Office of Fusion
Energy, and the US Dept. of Health, Education, and
welfare, National Cancer Institute.
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now under development at LASL. These projects include
8 deuteron accelerator for a Fusion Materials Irradia-
tion Test Facility (FMIT) and a proton linac to serve
as a Pion Generator for Medical Irradiation (PIGMI).
Before these projects could be committed to this new
and untested concept,’ a successful demonstration of
a prototype RFQ accelerator was required.

An RFQ structure was designed to take advantage
of an existing 450-MHz RF power stand and an asso-
cliated resonant cavity. An existing ion source,
accelerating column, eand beam line were modified to
inject a 100-kev proton beam inty the test accelerator
and to transport and analyze the 640-keVv accelerated
beam, Success of the demonstration prototype was to
be decided upon verification of the flnal beam energy,
emittance growth and transmission-efficiency measure-
ments, and on the stablility of operation at design
powe: &nd beam current. The general features of the
accelerator test stand are shown in Fig. 1, along
with a summary of the linac and measured beam pa-
rameters.

Energy Measurements

The only adjustable parameter in the RFQ itself
is the intervane voltage. The structure is an excel-
lent transport element, transmitting some beam, even
at very low voltages. As the intervane voltage is
Increased, the transmitted beam current increases
almost linearly and becomes partially accelerated.

At a threshold level of about 50% of the design
voltage, a small fraction of the beam is captured
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Fig. 1. RFQ test stand,
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longitudinally and is accelerated to the final 640-keV
design energy. When this occurs, a measurement of
the electric field in the manifold, (a cavity that
couples power from the waveguide into the accelerat-
ing structure) provides a reference point for estimat-
ing the design RF field level in the RFQ.

As the vane voltage is further increased, the
transmission is also increased; but, in addition, the
longitudinal acceptance grows and a larger fraction
of the beam is captured and sccelerated to the final
design energy, as shown in Fig. 2. The accelerated
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Fig. 2. FRFQ transmission es & function of intervane

voltage.

beam was measured in a Faraday-cup beam stop (FU-5)
located downstream of a 45° analyzing magnet, whereas
the total transmitted beam current was measured in an
insertable Faraday cun immediately following the
accelerator (FC-4 in Fig. 1). At the design vane
voltege, the transmitted besm was carefully snalyzed
for low-energy components. Consistent with numerical
calculstions, which indicste that in the presence of
space charge, stragglers become radially unstable, no
low-erergy components were found., Therefore, at
design RF field levels, all team emerging from the
RFQ Is fully sccelerated.

Because of & linited acceptance in the analyz-
in) system, not all of the beam transmitted by the
RFGy s transported to the beam stop (FC-5), which
& counts for the difference between the maximum values
of the two curves in Fig. 2. The peaks and valleys
ir the FC-5 curve are an srtifact of this limited
scceptance, and 1s the fect that variations in the
enerQy spresd of the bean are transisted by the
g:nding magnet into variations in the width of the

an,

Numerical simulation of the particle dynamics
show that, for @ 15-mA beem, the longitudinal phase
space divides i{self into two "hot" spots that
oscillate sbout esch other. The number of oscille-
tions exparienced i3 a function of the RF rield
amplitude. when the vans vnltage {s zet to ~93X of
the design level, the snergy width is at a relstive
maximum, As the voltage is increased, the snexgy
width becomes smaller and the wmount of beam current
transported to the beam stop increases. At
approximately 112X of the dasign vnltage, snother
relative maximun occurs in the e¢nargy spread
indicating 180° rotation ot the beam in .lmqftudinnl
phase space. This structure in the energy spectrum
was observed and glvn us an independent method of
estimating the actual intervane voltage in the struc-
ture. Exemples of the longitudinal dynemics snd
enargy spectrims celculated numerically are compared
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Flg. 3. Longitucinal phase space snd energy

spectrums, calculated and measured.

with energy profiles, measured experimentally, in
Fig. 3.
Fleld Measurements

The design voltage for this RFQ was based on a
peak surface field thet was 1.5 times the Kilpstrick
limit. The performance characteristics of an RFQ can
be improved significantly by designing to higher
peak flelds. It was of interest, therefore, to
determine the sparking limit for our RFQ. Assuming
that we are correct in our estimate of the design
level, as explained above, we delieve thet the spark-
ing 1imit in the neighborhood of 2.4 times Kilpatrick
was achieved, We intend to base our future RFQ design
on 2 times Kilpatrick.

Transmission Efficiency

Tiwe {njected beam current was messured in an
insertable Faradey cup (FC-2) located just ahead of
the RFQ cavity; the output current was teasured in a
similer cup (FC-4) just following the linac. Trans-
mission efficiencies were measured at the design RF
field level for several injection curcents (1g).

The results of these measurements are compared with
those predicted by numericsl calculations in Fig. 4.
Because of the small entrance aperture (4-mm diam) of
the RFQ, the matched beam was necessarily highly con-
vergent in both trensverse planes. The megnetic
field of the solencid, the single transport element
preceding the AQ, was therefore e very sensitive
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Fig. 4. RFQ transmission and emittance growth as a
function of injected current.
parameter. As described above, 8ll beam transmitted

at design RF field levels was determineg to be fully
accelerated.

gmittance Growth

The total emittance of the accelerated beam is
an jmportant consideration when an RFQ is to serve as
an injector to s subsequent structure. The rms emit-
tance growth is considered to be a fundamental prop-
erty of the structure and, in fact, {: ‘eated as a

._\‘-

parameter in the design of RFQs. The initial (Em-1
ang EM-2) and final (EM3) emittance were measured,
using an automaied zlit-and-collector technique, with
data simultaneously displayed and stored on disk,
Emittarce data gathered at design RF field levels for
several injection currents (I,). In analyzing the
data, extraneous points caused by measurement noise
were eliminated, as were contributions caused by

" and ?é ion components in the beam. The resulting

ta weré properly scaler and the virst and second
moments calculated for ti.e distribution. The rms
emittance quoted here is the area of an ellipse
having the same rms properties as the measured dis-
tribution. 1If the distribution were uniform, the
total emittance (E:gt) would egual four times the
ms value (Eprms).

The RFQ struc’ure is terminated in a full cell,
having & vary nerrow aperture in the vertiral direc-
tion (2.52-m diam). The final team is therefore
nighly divergent in one plane and exceeds the angular
range of the measurement hardware in the vertical
dimension. Emittance growth, for the horizontal
plane, corrected for By i¢ plotted as a function of
injected current (1) and is compared with cal-
culated values in Fig. 4. The accelerator operated
best at the highest tieam current available from the
ion source, corresponcding to the design case. under
these conditions the finmal normalized rms emittance
was typically 0.011 cmemr,

Conclusions

As indicated in Fig. 2-4, the RFQ test accel-
eratnr performec exceedingly well, 1In addition, it
operated reliably st electric fields well 1n excess
of its design. As a result of this test, RFQs are
being designed for a wide variety of applications.

Refererices
1. 1. M. Kepehinskii end V. A. Teplyorav, "Linear
Ion Accelerator with Sgpatially Homogeneous
Strong Focusing," Pribory 1. Tekhniks Eksperi-
menta, 119, No. 2, pp. 19-22, March-April 1970,



